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1.0 INTRODUCTION

A series of tests was performed in the Longshot Facility
of the Von Karman Institute of Fluid Dynamics in Rhode-St-
Genese, Belgium in support of USAF Grant No. AFOSR-76-2942.
This post test report summarizes the results of sixteen tests
conducted in the Longshot Facility during the periods of
6-17 June 1977 (Phase I) and 5—16 September 1977 (Phase II).

The purpose of these tests was to measure local pressure
and heat transfer distributions on an ogive body configuration
over a range of Mach number and Reynolds number conditions.
Both smooth a~d rough body data were obtained at three degrees
angle of attack.
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2.0 DISCUSSION

2.1 TEST FACILITY

The VKI Longshot facility was used for this program.
Longshot differs from a conventional gun tunnel in that a heavy
piston is used to compress the nitrogen tes t gas to very high
pressure and temperatures. The test gas is then trapped in
a reservoir at peak conditions by the closing of a system of
check values. The flow conditions decay monotonically during
10 to 20 milliseconds running time as the nitrogen trapped in
the reservoir flows through the 60 half angle conical nozzle
into the pre-evacuated open jet test chamber. The maximum
supply conditions used in these tests are approximately 60,000
lb/in 2 at 1900° to 2500°K. These provide unit Reynolds numbers
of 9.0 x 106 per foot at a Mach number of 16 and 3 x 106 at M = 20.

2.2 MODEL DESIGN

The test mode l design was an ogive body configuration as
shown in Figure 1. This model configuration was designated as
model K with a smooth surface and as model K(R) with roughness
elements over the entire forebody. The roughened surface was
created by bonding aluminum spheroid particles onto a sprayed
adhesive and coated with a sprayed acrylic. The surface area
was coated with 65 mu diame ter particles to simulate a turbulent
flow any face roughness. Figure 2 shows the test model with the
roughness elements bonded to the surface. The local calorimeter
and pressure port areas did not contain roughness particles.

2.3 IN STRUMENTATIt)N

The test mode l was instrumented with both heat f lux and
pressure taps located at positions shown in Figure 1. The
meridian containing the pressure tape is 180 degrees from the
heat transfer gauges. The test model contains nine heat transfer
gauges and eight pressure tape . A heat transfer gauge was
located in the stagnation region .

The heat transfer gauges are smooth calorimeter discs
fabricated of .004 inch copper bonded to an insulating holder.
No roughness elements were applied to the heat transfer gauges.
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Nine new PCB model ll2A2l high resolution pressure trans-
ducers were supplied with the test model. The new transducers
were positioned at taps 2—7, 9, 11 and 13 representing the
surface locations. The remaining three pressure tap locations
(8, 10 and 12) were blocked off due to a lack of pressure gauges
and limited recording capacity.

2.4 TEST MATRIX

The test conditions for the sixteen runs are listed in
Tables I and II.  Two repeat runs were made for a total of
eighteen runs . For each run the actual free stream Mach n umber
and Reynolds number achieved are given together with the corres-
ponding perfect gas total pressure and temperature. A pitot
pressure probe measurement is made simultaneously with each
run and the measured pressures are also shown.

Runs 570—574 , 580-583 represent four sets of tests at
angle of attack. A 3° positive and negative incidence angle
represents one data set where the heat transfer and pressure
gauges were alternately positioned in the windward and leeward
flow locations. These tests acquired data for both smooth an~
rough surfaces at two Reynolds number conditions, nominally
3 x 106 and 9 x 106 per foot. Runs 574 and 577 represent
repeat runs to obtain lost heat flux data points in runs 573
and 576 .

2.5 TEST RESULTS

The data measurements for each run included schlieren
photos of the model flow field in the windward and leeward
planes. Figures 3 to 20 show the bow shock and flow fie ld
structure for each test case . A comparison of Figures 3 to 11
(smooth) and Figures 12 to 20 (rough) 8how the effect of
surface roughness on the flow field structure to be insignificant.

The measured surface pressure and heat transfer distributions
are shown in Tables III and IV, respectively. It should be
noted that for a positive angle of attack the heat gauges are
in the windward position and the pressure gauges in the leeward
position and vice versa for negative ang les of attack.
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Figure 2

Test Mode l With Bonded Roughness E lements
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r Figure 3

Schlieren Flow Field
Run N o .  566 - Model K

M~~ l5•6, R~~= 9.0 x l06/ft, a1 00
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• $ Figure 4

Schlieren F low Field
Run No. 567 — Model K

w 15.0 , Re = 5.3 ~ L0 6/ ft , . 0~
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Fi gure 5

Schlieren Flow Fie ld
Ru n No. 568 - Model K

M,. 19.5 Re = 2 .9  x 106/ ft , ~
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Figure 6

Schlieren Flow Field
Run No. 569 — Mode l K

19.4 , Re 1.9 ~ 106/ f t , ~~~ 0
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r
Fig ure 7

Schlieren Flow Field
Run No . 570 - Mode l K

M = 19.7 , Re = 3.1 X l06/ft , £ +3°
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Figure 8

Schlieren Flow Field
Run No. 571 - Model K

20.0 Re = 3.1 X 106/ft, ~ =
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Figu r e 9

Schlieren Flow Field
Run No. 572 - Mode l K

M~~ 16.2, Re 9.1 X 106/ft . a= -3°
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Fig ure 10

Schlieren Flow Field
Run No. 573 — Model K

M~~ 15.6 , ~~~~~ 9.9 x 106/f t . a. = i-3
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Figure 11

Schlie ren F low Field
Run No.574* — Model K

M, 15.9 , R e = 9.3 X 106/ ft , ~ +30

4 ~~~~~ _--  - - - — — --

~~

-- — !- - -r~ . 
- -*

~~~~
- 1- . ‘

~ 
“-b— ’- -

___  ~~~~ ~~~~~~~~~ ~ ~ 
___

f _I_ J

I ~i4 ,± , -: -~~~~~ 

-

~ 
~‘A1

I t
---- .

__________________________________________ - - -“& -F • 
—- a, - .,



Figu re 12

Schlieren Flow Field
Run No. 575 — Mode l K ( R )

15.9 , Re = 9 .7 X 106/ ft , ~~~ Q0
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Figu re 13

Schlie ren Flow Field
Run No. 576 — Model K ( R )

M = 14.8 , R e = 5.2 X 106/ f t , A~. = 00
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Fi~ ure 14

Schlieren Flow Field
Run No. 577 - Model K (R)

M~~ 14.6 , Re 5.1 X 106/ ft , ~~ = 0°
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Figure 15

Sch].ieren Flow Fie ld
Run No. 578 — Model K (R)

M 19.2 , R e = 1.9  X lo6/ft , A~. = 00
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~~qure 16

Schlieren Flow Field
Run No. 579 - Mode ]. K ( R )

M~~ 19.5 , Re = 3.0 X l06/ f t , O~~ 0°
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Figure 17

Schlieren Flow Field
Run No. 580 — Mode l K ( R )

M~ 19.7, Re = 3.0 X 106/ft , ~~~ +30
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I Figure 18

Schlieren Fl ow Field
Run No. 581 — Model K(R)

M~~ 19.6 , ~~~~ 3.1 x 106/ f t , . _ 3 0
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I Figure  19

Schlie ren F low Field
Ru n No. 582 — Mode l K ( R )

M~~ 16.0 , R e = 9.2 X 106/ f t , ~~~ 30
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I
Figure 20

Schlieren Flow Field
Run No. 583 — Model K ( R )

M~ 16.0 , Re = 9.6 X ].06/ f t,  a.. = +3°
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